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Abstract
Optimum design of SOFC systems requires the development/application of versatile and robust approaches able to 
handle diverse fuel patterns and complex thermochemistry. In the present work a computational methodology based 
on the reactor network approach is developed, targeting the thermochemical assessment of fuel flexibility in SOFC 
systems. SOFC operation on methane, biogas, and ethanol is considered. The methodology results in a detailed 
quantification of the impact of fuel interchangeability on syngas yield, reformer thermal efficiency, and emission 
levels. The approach saves computational time and resources when compared, for example, to full CFD modelling, 
thus providing the opportunity for quick parameterisation. 
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1. Introduction
Solid oxide fuel cell (SOFC) systems are highly efficient, fuel-flexible, environmentally friendly 
energy conversion devices, suitable for a wide range of applications in the energy (e.g. large scale 
electricity production) and transportation (e.g. aircraft and truck APUs) sectors. SOFCs are solid devices 
without any moving parts, and operate at relatively high temperatures (650–950°C) over varying load 
conditions to yield exploitable heat and electricity, thus constituting ideal combined heat and power 
(CHP) systems. Their operation is not limited by second law considerations, and they can achieve very 
high efficiencies, particularly at low to intermediate powers, while high pressure SOFC operation in 
hybrid systems (e.g. with gas turbines, SOFC-GT) is also a possibility [1–3]. 
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A unique feature of SOFCs is their fuel flexibility, which allows operation either directly on 
hydrocarbon or reformed hydrocarbon fuels [3, 4]. In almost all cases, SOFCs utilise a suitable reforming 
technology to convert the primary energy carrier into H2 or a mixture of H2 and CO (syngas). For the 
above reasons, SOFCs are ideal candidates to utilise locally produced fuels (e.g. landfill biogas, biogas 
from anaerobic digesters, liquid biofuels from fermentation processes such as bioethanol), with non-
standardised and possibly significantly varying composition, in the frame of a decentralised CHP scheme. 
 
Efficient and clean operation requires fuel chemistry optimisation along the whole system, and for a 
wide range of operating conditions. SOFC systems comprise components that feature different operating 
requirements, flow patterns, and chemical behaviour. Over the last decade, SOFC technology has reached 
a certain degree of maturity, both at component and system level. Significant progress has also been 
realised in the framework of EU-funded research projects, such as the FlameSOFC [5] and FC-District [6] 
projects. Both projects consider the development and integration of prototype SOFC systems for domestic 
CHP applications. A schematic representation of such a system, based on the knowledge acquired within 
the above-mentioned research projects, is shown in Fig. 1. The system comprises a fuel processing unit, 
the SOFC stack, and a balance-of-plant (BOP) section, which is responsible for the thermal integration of 
all the individual components. A fuel-flexible SOFC system can in principle operate on both liquid and 
gaseous fuels. In the former case, a liquid fuel vaporising unit is needed in order to suitably evaporate the 
liquid fuel and prepare the desired fuel/air mixture. Subsequently, the fuel/air mixture enters the reformer 
in order to be converted into a hydrogen-rich reformate mixture. The reformate mixture is then fed to the 
SOFC stack anode, where the electrochemical reactions take place.  
 
A crucial aspect in terms of fuel flexibility is the choice of the reforming technology. Typical 
reformers are based either on steam reforming or catalytic partial oxidation, or even a combination of 
both, commonly described as autothermal reforming. An alternative option would be the use of a non-
catalytic thermal partial oxidation (TPOX) reformer. The advantages of such a technology have been 
described in detail in previous publications [7, 8], and thus only the major points are summarised below.  
 
Figure 1. Schematic representation of an SOFC-based micro-CHP system for domestic applications, based on the results of the 
EU co-funded FlameSOFC and FC-District research projects. 
142   G. Vourliotakis et al. /  Energy Procedia  28 ( 2012 )  140 – 152 
A TPOX reactor has a simple system design, resulting in good dynamic response. The reforming 
process is non-catalytic, so deactivation problems are not relevant, and fuel conversion and product yield 
are not constrained by potential fuel-catalyst incompatibilities. In order to achieve efficient operation in 
the absence of a catalyst, high temperatures in excess of 1000K, and fuel-rich conditions, are required. 
Such conditions favour enhanced ignition propensity not only in the reformer itself, but also along the 
system [9]; a tendency for carbon deposition, again along the system; and exhaust pollutant emissions 
from the anode off-gas burner. Since the phenomena underlying the above process are kinetically 
controlled, a detailed chemical kinetic description is a prerequisite for an accurate system representation 
in terms of performance and emission assessment. 
 
Introducing detailed chemistry to a realistic model of an SOFC system is particularly demanding, not 
only due to the prohibitive computational cost, but also due to the complexity in flow-chemistry 
interactions. As far as the modelling of SOFC systems is concerned, there are models of different 
complexity. Current state-of-the-art approaches mainly involve the utilisation of 0- or 1D models, either 
exploiting equilibrium chemistry or featuring a simplified chemical description. Examples include zero-
dimensional thermodynamic and dynamic models [10, 11] and one- or two-dimensional energetic and/or 
exergetic modelling [12]. The above approaches may lead to a satisfactory prediction of system 
temperature and overall performance, but provide a rather rudimentary description of the thermochemical 
effects. On the other hand, detailed chemistry is required in order to provide reliable predictions of 
species concentrations along the whole system and accurately capture chemically controlled phenomena, 
such as ignition propensity. Incorporation of full detailed chemistry into realistic SOFC simulations can 
be accomplished through a Reactor Network Approach (RNA) which relies on the representation of a 
complex flow field through a suitable allocation of a number of ideal reactors, retaining the basic flow 
physics. The feasibility of the approach has been recently demonstrated by the present authors for the 
simulation of SOFC systems, both at component (reformer) [7] and system [9] levels. 
 
The scope of the present work is to codify the reactor network approach so as to make it applicable for 
the quantification of the fuel flexibility potential of SOFC systems. In particular, methane (a natural gas 
surrogate), a typical biogas (comprising 60% CH4 and 40% CO2) and ethanol (a common biofuel) 
reforming in a TPOX reactor is considered. The first part of the work outlines the methodological 
approach, and describes the formulation of a reactor network for a prototype TPOX reactor. It implements 
an in-house developed unique state-of-the-art detailed chemistry model in order to accurately describe 
conversion efficiency and pollutant emissions processes. At a second stage the model is compared against 
available experimental data. Next the model is utilised to assess the impact of fuel interchangeability on 
key design parameters, such as syngas yield and reforming efficiency. Finally, the study considers the 
extension of the approach for the complete thermochemical simulation of SOFC systems.  
2. The reactor network approach 
2.1. Generalities – Limits of applicability 
The RNA has already been utilised to successfully model pollutant emissions (mainly NOx and CO) 
from practical combustors. In particular, reactor network models have been successfully used for 
pollutant emission predictions from coal fired furnaces [13–16] and gas turbine combustors [17–19].  
 
Several conclusions can be drawn from the above studies. The RNA appears to work in cases where 
chemistry is the rate-limiting step and where chemical processes, although still dominant, are strongly 
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coupled and dependent on flow field physics. Such cases also include jet flames in flameless FLOX 
burners [20], gas turbine premixed combustors with recirculation [21], and two-phase combustion of, for 
example, pulverised coal flame structures [22]. Although the formulation of a reactor network is highly 
case-specific and relies heavily on the availability of detailed experimental data at a device/component 
level, the strength of the reactor network approach lies in the fact that it offers a quick and accurate tool 
for system parameterisation, investigating ‘what if’ scenarios at a macroscopic level (e.g. the effect of 
additives in the main fuel stream on the emissions of a combustor), and providing design guidelines that 
can be subsequently be elaborated through use of component-based field simulation tools. 
 
An SOFC reformer presents similarities with the above systems in terms of homogeneity and mixing 
characteristics. Indeed, reactor networks are available for the simulation of thermal partial oxidation 
reforming [7] and partial oxidation processes [23]. However, validated reactor networks for SOFC 
systems incorporating detailed chemistry are not widely available in the open literature. The feasibility of 
such an approach has been demonstrated in previous publications by the present authors [7, 9]. In the 
present work, the plausibility of this methodology for assessing the fuel flexibility capacity of prototype 
SOFC systems is further studied. 
2.2. Methodological issues 
As stated above, a reactor network is a representation of complex flow through a suitable number of 
ideal reactors, retaining the basic flow field physics and incorporating detailed chemistry. The challenging 
point is to ‘reproduce’ the actual flow pattern in the RN allocation. Such a network would consist of two 
kinds of reactors: Perfectly Stirred Reactors (PSRs) and Plug Flow Reactors (PFRs) [24]. A PSR is used 
to represent flow regions where the velocity vectors are evenly spread in all directions (e.g. recirculation 
zones). The reactor is assumed to be a PFR when there is a dominant streamline. The exact allocation of 
the network can be obtained from either isothermal CFD computations at a representative mean 
temperature, or, ideally, from computations involving a simplied chemistry description, e.g. a reduced 
mechanism. The next step is the assignment of appropriate values for each reactor volume, mass flux, and 
residence time as well as the initial conditions to system boundaries. Appropriate mixing representation is 
attained by ensuring similar residence time distribution in CFD and RN computations. A more elaborate 
approach would involve similarity of the Damköhler numbers. 
 
In order to extend the above methodology to fuel flexibility studies, some key points need to be 
emphasised. A prerequisite is the availability of a validated comprehensive detailed chemistry model that 
can describe the conversion and pollutant emissions chemistry of all fuels considered, so as to ensure 
useful comparisons. This is not a trivial task, since such a mechanism must be able to capture chemical 
phenomena under the wide range of thermochemical regimes encountered along the system itself (e.g. 
slow reforming oxidation kinetics, ignition, soot propensity, fast flame timescales in the off-gas burner). 
 
Naturally, in SOFC systems, the overall performance and operation is limited by the reforming reactor. 
Therefore, the next essential step is to formulate a generic reactor network based on CFD analysis, for the 
particular reforming unit. This reactor network ideally has to be validated against experimental data for at 
least one set of operating parameters. The final step will be to perform parametric computations using the 
developed network for device operation on different fuels. The extent of these computations is restricted 
by the requirement to satisfy specific system engineering constraints that are independent of the fuel. For 
example, a constant thermal power output needs to be retained, irrespective of the fuel’s heating value. 
This implies a change in the inlet mass flow rate, and/or in initial mixture stoichiometry. These changes 
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must not result in significant diversions in system integration, underlying that exhaust temperatures need 
to remain within predefined limits. It follows that fuel flexibility studies must be performed for ‘similar’ 
fuels. The definition of the fuel similarity issue in terms of system thermodynamic operation, syngas 
formation, and carbonaceous deposits formation, can be obtained through a detailed kinetic approach, as 
is demonstrated in the present work.  
3. The detailed chemical kinetic scheme 
The chemistry model used has been mainly developed in order to describe the combustion chemistry 
of hydrocarbon fuels, and has been demonstrated to accurately describe chemistry relevant to SOFC 
components and systems processes, in the operational range of the latter. The mechanism has been 
extensively validated against experimental speciation data from laminar counterflow, premixed flames, 
and shock tubes, including laminar flame speeds and ignition delay times, as well as from perfectly stirred 
and plug flow reactors, all under a wide range of temperatures, pressures, and stoichiometries. In recent 
years the mechanism has been exploited in order to describe the combustion chemistry of conventional 
(i.e. methane [7, 25], ethane [25], allene and propyne [26], benzene [27]) and alternative (i.e. biogas [25], 
methanol [26], ethanol [8, 26]) fuels. The mechanism has also been supplemented with sub-models for 
polycyclic aromatic hydrocarbons (PAHs) [28], NOx chemistry [29], and for polychlorinated dioxins and 
furans (PCDD/F) [30]. The mechanism currently consists of 1150 reactions among 191 species, and is 
available from the present authors on request.  
 
Some more relevant validation is shown here. All computations have been performed with CHEMKIN 
[31]. Fuel conversion at conditions relevant to reformer operation is shown in Fig. 2, and excellent 
agreement is obtained between computed and experimental species profiles from the oxidation of a 
natural gas blend in a jet stirred reactor under fuel-rich conditions and over the temperature range of 
1100–1450K. 
 
Figure 2. Comparison between computed (lines) and measured (symbols) species profiles for the oxidation of a natural gas blend in 
a jet-stirred reactor. Initial conditions are p = 1 atm, I = 0.5, W = 120 ms. Experimental data are from Dagaut and Nicolle [32]. 
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Figure 3. Comparison between computed (lines) and experimental (symbols) ignition delay times of C2H5OH/O2/Ar mixtures [33].
Ignition time delay, a fundamental fuel property, is a strong function of mixture temperature, pressure, 
and stoichiometry, and largely controls ignition propensity. The developed chemistry model accurately 
predicts ignition delay times for a wide range of fuels and operating conditions. Typical examples for the 
case of ethanol are shown in Fig. 3. A further crucial issue relates to the onset of solid carbon formation 
in the reformer. This is strongly linked to molecular growth processes, leading to benzene, polycyclic 
aromatic hydrocarbon (PAH) and, eventually, soot formation. The developed mechanism accurately 
reproduces benzene and PAH levels in a variety of flames and reactors, as shown in Fig. 4. 
 
 
Figure 4. (a) Comparison between computed (line) and experimental (symbols) C6H6 profiles in allene and propyne laminar 
premixed flames [34, 35]. (b) Comparison between computed (line) and experimental (symbols) A2 (naphthalene), P2 (biphenyl) 
and A3 (phenanthrene) profiles in a rich benzene premixed flame [36]. 
4. Fuel interchangeability in the TPOX reactor 
The details of the development of an RN for a prototype TPOX reformer have been described 
previously [7], and only a brief summary is given here. Fig. 5 presents a 3D CAD representation of a 
TPOX reformer and the velocity fields obtained through a CFD calculation performed for typical reactor 
operating conditions. CFD computations have been performed with the in-house developed 2-PHASE 
code [38–40]. The resulting network consists of two PSRs in series with a PFR. The first PSR represents 
the mixing chamber, while the second PSR represents the conical section. A schematic representation of 
the formulated network is shown in Fig. 6. 
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Figure 5. (a) 3D CAD representation of the T-POX reformer. Courtesy of Technical University of Freiberg [37]. (b) Computed 
(upper) axial and (lower) radial velocity profiles in the T-POX reformer for the case of ĳ = 2.17 at a preheat temperature of 700°C 
and for a thermal power output of 9 kW. (c) Velocity vectors for the reactor shown in (a) operated under conditions described in (b) 
(the relative aspect ratio has been modified in order to highlight the recirculation area). 
 
Figure 6. Schematic representation of the equivalent T-POX reactor network [7]. 
Recently, Loukou et al. [41] performed a systematic experimental campaign of methane reforming for 
SOFC application in the above porous reactor. Two different porous media were tested: an Al2O3 packed 
bed configuration, and an SiSiC foam. The input thermal power was kept constant at P = 6 kWth, with the 
stoichiometry of the methane-air mixtures in the range I = 2.3–2.6. In the present work, computations 
have been performed only for the SiSiC case, since the Al2O3 case presents some anisotropic voidage, so 
the 1D assumption may not apply well [42]. A crucial issue in setting up computations relates to the 
choice of temperature profile. In an earlier work by the present authors [7] the experimentally determined 
temperature profile was imposed on the computations. Although such an approach may lead to more 
accurate predictions, by removing uncertainties related to the quantification of heat losses, it cannot be 
used for parametric fuel flexibility studies. Furthermore, and since all parametric computations are 
performed at a constant thermal power output, it is expected that heat losses will be similar for all fuels. 
In the present work a constant heat loss on the order of 5% has been assumed for all cases. Note that such 
losses are typical for practical reformers used in similar applications [43]. The assumption is found to 
result in an accurate reproduction of the experimental temperature profiles; the discrepancy in peak and 
exhaust temperature values is generally less than 10%, as shown in Fig. 7 for representative cases. 
 
A comparison between experimentally determined and computed exhaust species profiles for four 
mixture stoichiometries is presented in Fig. 8. The agreement for all practical purposes is generally very 
satisfactory, and the relative variation of speciation data with stoichiometry is very well captured. Exhaust 
hydrogen and carbon monoxide levels and the total syngas yield are predicted within 20% at most, in all 
cases. The model also correctly predicts the rate of fuel conversion. Acetylene, a crucial intermediate in 
soot formation processes, is less satisfactorily predicted, within a factor of two of the measurements. 
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Figure 7. Comparison between experimental data and computational results for the temperature profile along the TPOX reactor of 
[40]. Initial air preheat temperature = 400°C. Fuel thermal power input = 6 kW. Simulations have been performed utilising the 
reactor network approach with the NTUA detailed mechanism (see text). 
 
Figure 8. Comparison between experimental data and computational results at the exhaust of the TPOX reactor [40]. Initial air 
preheat temperature = 400°C. Fuel thermal power input = 6 kW. Simulations have been performed utilising the reactor network 
approach with the NTUA detailed mechanism. All mole fraction values are presented on a dry basis. 
It is interesting to note that although the overall fuel conversion is very well reproduced, model 
predictions are consistently on the low side compared to the experiments. This may indicate that the 
discrepancies are related to the dynamics of the methane conversion chemistry. Consider for example the 
I = 2.3 case. Initially, fuel destruction is realised via abstraction reactions with H (ca. 65%), OH (ca. 
25%) and O (ca. 10%) radicals, leading exclusively to methyl radical. Subsequently, methyl radicals can 
follow two distinct routes. The first involves a self-recombination reaction to ethane, reaction R4, 
initiating thus the C2 chain, which ultimately leads to acetylene formation through the sequence: 
C2H6ĺC2H5ĺC2H4ĺC2H3ĺC2H2. Competing to the above path are abstraction reactions, e.g. reactions 
R5 and R6, with O and OH radicals leading directly or indirectly to formaldehyde formation and 
subsequently to CO through the sequence CH2OĺHCOĺCO. The former sequence is highly chain 
terminating, consuming active radicals, inhibiting thus the overall reaction. On the other hand, the latter 
sequence is chain propagating, retaining the size of the radical pool. 
 
It can be argued that moving the system towards the formaldehyde path would be beneficial in three 
distinct ways. First, more radicals will be generated, accelerating the rate of reactions R1–R3, enhancing 
overall reactivity and also minimising the R4 path to the C2 chain. Additionally, enhanced CO generation 
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is expected again via the formaldehyde path, as discussed above; and finally, the enlarged radical pool 
will further trigger abstraction reactions, e.g. reactions R1 and R7, R8, promoting H2 formation: 
 
CH4 + H = CH3 + H2        (R1) 
CH4 + OH = CH3 + H2O        (R2) 
CH4 + O = CH3 + OH        (R3) 
CH3 + CH3 (+ M) = C2H6 (+ M)       (R4) 
CH3 + O = CH2O + H        (R5) 
CH3 + OH = CH2OH + H        (R6) 
C2H4 + H = C2H3 + H2        (R7) 
C2H6 + H = C2H5 + H2        (R8) 
 
The methodology presented so far is implemented in order to examine the performance of the particular 
TPOX reactor when operated with different fuels; in the present study a typical biogas (comprising 60% 
CH4 and 40% CO2) and ethanol (a common biofuel) are considered apart from methane. For meaningful 
comparisons, certain assumptions had to be made. In all cases the input thermal power and total mass 
flow rate have been kept constant and equal to the experimentally determined values for the I = 2.3 
methane-air case. Naturally, the reactor residence time will be determined by the initial mass flux 
(dependent on the desired power) and the initial mixture density (dependent on the determined 
stoichiometry and the heat release of each mixture), and is thus expected to vary for each fuel mixture. 
 
Following the above assumption, a stoichiometry of I= 2.4 was assigned to the ethanol-air mixture, 
and I = 1.4 for the biogas-air mixture. Such a large change in the stoichiometry value is anticipated, since 
biogas has a much lower heating value than methane, and so a mixture closer to the stoichiometric value 
(I = 1.0) is required to attain the same thermal power. However, computations for the latter case resulted 
in ignition within the reactor, which is highly undesirable. Instead, a biogas-air mixture of the same 
stoichiometry (I = 2.3) but with lower power has been considered for reasons of thermokinetic comparison.  
 
Typical exhaust species mole fractions for the four cases are presented in Fig. 9. The imposed 
constraints, desired for system integration practicalities, lead to small exhaust temperature variations. 
However, despite the more or less constant operating/thermodynamic/systemic conditions, fuel 
substitution results in extreme changes in kinetically controlled parameters. 
 
 
Figure 9. Exhaust mole fractions (on a wet basis) of major species of practical importance in a TPOX reformer operated with 
different fuel-air mixtures. Initial air preheat temperature = 400°C. Simulations have been performed utilising the reactor network 
approach with the NTUA detailed mechanism. 
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Several interesting observation can be drawn from Fig. 9. The most important relates to the differences 
between methane and ethanol reforming. Despite the almost identical operating conditions (same input 
thermal power, identical total mass fluxes, stoichiometry values, and temperatures along the reactor and at 
the exhaust), there are marked differences in the total syngas yield, and most importantly in the relative 
levels of H2 and CO. While methane produces slightly more H2, carbon monoxide produced from ethanol 
reforming is almost 40% higher than methane. These macroscopic differences can be attributed to 
differences in fuel reactivity and the competition between heat release and molecular growth processes, as 
discussed in detail in Reference [44]. Ethanol is more reactive, and thus no unburned fuel is predicted at 
the reactor exit. Furthermore, the oxygen bound in the ethanol molecule results in an apparently overall 
leaner conversion mode, leading also to less unburned hydrocarbon species at the exhaust. On the other 
hand, methane conversion is purely pyrolytic, and follows the pattern described earlier. It can thus be 
stated with confidence that all of the above differences can be solely attributed to kinetically controlled 
processes.  
 
There are also marked differences between methane and biogas reforming. As stated above, the I = 1.4 
biogas case ignites, which, among other undesirable effects on system operation, significantly depletes 
syngas yield, since hydrogen is rapidly converted to water. The reforming of methane and biogas 
mixtures of the same stoichiometry results in very similar CO yield. This is due to the fact that CO is also 
produced from the CO2 present in the initial fuel mixture. On the contrary, the ratio of the H2 yields is 
proportional to the respective ratio of fuel heating values. Finally, the exhaust levels of unburned fuel and 
acetylene are also roughly proportional to the methane content of the particular fuel. 
 
From an engineering perspective, another very important measure of the reformer performance is its 
thermal efficiency. This is expressed as: 
 
fuelfuel
COCOHH
ref mLHV
mLHVmLHV




 22K        (1) 
 
where LHVi and mi are the lower heating value (expressed in MJ/kg) and the mass flow rate (kg/s) of 
species i, respectively. The TPOX efficiency has been computed here for all three fuels and 
stochiometries in the range of I = 1.5 to I = 3.0, at an air preheat temperature of 400°C. The total mass 
flux has been kept constant in all cases; this is considered to be a realistic reactor constraint. The results 
are shown in Fig. 10. Methane and ethanol feature similar peak efficiency values, while the maximum 
efficiency of biogas is about 10% lower, and is observed for much leaner mixtures. Interestingly enough, 
efficiencies peak at stoichiometries around I = 2 r 0.2, and deteriorate rapidly for leaner and richer 
mixtures. From an engineering point of view, operation close to the peak efficiency stoichiometry is 
desirable. However, the optimum operating point also needs to take into account the actual syngas yield 
and the carbonaceous deposit propensity, both of which are generally bound to increase as the initial 
stoichiometry increases. Furthermore, the actual values of these design parameters are strongly dependent 
on the detailed conversion chemistry of the fuel. In any case, the optimum design point will be 
determined from the specific application. 
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Figure 10. TPOX reformer efficiency as a function of initial fuel-air mixture stoichiometry. Initial air preheat temperature 
temperature = 400°C. Simulations have been performed utilising the reactor network approach with the NTUA detailed mechanism. 
5. SOFC system integration issues and future work 
The above series of computations have clearly shown that fuel interchangeability results in significant 
alterations in the thermochemical behaviour of the reforming unit, even when system operating conditions 
are set to satisfy all engineering constraints. The reformer performance sensitivity can be safely attributed 
to fuel chemistry effects. Furthermore, the fuel reforming device is the most crucial component in terms 
of the overall SOFC system thermochemical performance, and it is extremely important to be able to 
quantify to what extent the SOFC system is affected by changes in the reformer. The potential of utilising 
the RN methodology for the complete thermochemical evaluation of the performance and environmental 
footprint of an integrated SOFC system has been demonstrated earlier [9]. The above tool, when applied 
at a system level, offers predictions for the fate of fuel, oxidizer, and reformate, and intermediate species 
of interest along the system, and enables a quick and accurate parametric investigation of system 
thermochemical performance and efficiency. It has been shown [9] that significant chemical activity takes 
place, not only in the reformer and the off-gas burner, but also in several auxiliary components, such as 
the connecting pipes between the reformer and the stack. A system reactor network would additionally 
offer the possibility of extending the spectrum of evaluated parameters, when fuel interchangeability is 
considered, to components like the stack anode and the off-gas burner. A possible two-way algorithmic 
coupling with other specific computational tools addressing, for example, electrochemical phenomena 
could potentially provide a robust and holistic SOFC design and analysis tool. 
6. Concluding remarks 
The present work has demonstrated the plausibility of the reactor network approach as a powerful and 
versatile computational tool for assessing the fuel flexibility and interchangeability potential in SOFC 
TPOX reforming units, providing a realistic representation of the underlying thermochemical processes. 
A methodological approach for the development of an RN based on CFD results and validated against 
measurements from prototype devices has been followed here for a TPOX reactor design. The approach 
saves computational time and resources when compared to full CFD modelling, for example, thus 
providing the opportunity for quick parameterisation. The developed tool incorporates a unique in-house 
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developed comprehensive detailed kinetic model, and is used to examine the effect of fuel substitution on 
syngas yield, soot propensity, and reforming efficiency. Three commonly used fuels in SOFC 
applications have been considered: methane, a typical biogas, and ethanol. The results have clearly shown 
that all the above parameters are largely kinetically controlled, and that fuel interchangeability results in 
significant alterations in the thermochemical behaviour of the reforming unit, even when system 
operating conditions are fixed to satisfy all engineering constraints. 
 
The proposed methodology can be further extended to a system level to provide integrated 
thermochemical modelling of SOFC systems mapping system thermochemistry for various fuels and 
conditions. 
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